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Since  Keppie  el  ;il  (l')55)  demon¬ 
strated  that  a  lethal  toxin  a* as  lilierated 
during  in  vivo  growth  of  the  bacillus 
anthracis  organism,  the  site  of  action 
and  mechanism  of  death  have  lieen  the 
subject  of  study  and  some  controversy. 
The  principal  theories  of  death  ad¬ 
vanced  bv  workers  since  1055  are  those 
of  (a)  secondary  shock,  which  the 
authors  (Smith  and  Keppie.  1  *>55 )  tie- 
fined  as  a  pathological  state  involving 
circulatory  failure:  <l»)  asphyxia,  be¬ 
cause  the  extremely  Ion  concentration 
of  blood  oxygen  was  noted  by  Nordlierg 
et  al  t  l*>6l )  as  the  actual  cause  of  death 
b.  anthrax;  anti  (c)  direct  effect  on  the 
central  nervous  system  as  the  primary 
site  of  act:on  (Lincoln  el  al.  I‘>64).  This 
latter  hypothesis  is  strengthened  by  2 
accompanying  pa|ters  (Vick  et  al.  I'tfiS; 
Klein  et  al.  1‘>6X)  of  this  series  which 
show  depression  of  the  cortical  electrical 
activity  following  toxin  and  s(x>rc  chal¬ 
lenge.  In  addition.  Fckert  and  lion- 
ventre  (l ‘>65).  working  with  the  toxin 
only,  verified  that  hyftoxia  occurred  in 
rats  following  challenge.  The  principal 
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action  of  this  phenomenon  in  the  rat 
was  interpreted  by  lieall  and  Dalldorf 
(l‘>66)  as  increased  |M*nneabilit\  of  the 
pulmonary  vasculature  and  by  (.ray 
and  Archer  (1*167)  as  inhibition  in  lung 
tissue  ot  regeneration  ol  nicotinamide 
adenine  dinucleotide.  In  this  series 
Yiek  et  al  (l‘>68)  have  shown  depression 
of  the  central  cortical  electrical  activity 
and.  more  specifically,  the  central 
respiratory  mechanism  ol  monkeys  chal¬ 
lenged  with  toxin.  Their  data  do  not 
show  any  cardiac  changes  until  im¬ 
mediately  before  death,  file  study  of 
the  pathophysiology  of  monkeys,  chim¬ 
panzees,  anti  rabbits  (Klein  el  al,  1066) 
living  ol  anthrax  or  of  toxin  challcng*- 
conlirms  the  terminal  h\|K>xia  and  a 
remarkable  parallel  response  liemecn 
s|h>tc  ami  toxin-challenged  hosts.  How¬ 
ever.  it  (ails  to  demonstrate  a  kidney 
shutdown  tli.ii  accompanies  "secondary 
shock. 

t  imsideting  this  background  ol  cmi 
llicliug  hy  (tolheses  of  death  by  anthrax, 
we  considered  it  ot  interest  to  define 
more  s|tecilic.illy  the  prini.irv  site  ol 
action  of  anthrax  toxin.  This  stmlx. 
therefore,  was  concerned  with  the 
physiological  responses  obtained  when 
the  toxin  was  placed  in  direct  contact 
with  the  proposed  central  nervous  sys¬ 
tem  target  center  anti  with  determining 
if  death  could  Ik-  prevented  when  the 
affected  physiological  systems  were 
sitp|Ktrted. 

mi  mops 

Anthrax  toxin  was  prepared  and  its 
potenev  was  determined  hv  a  method 
prexintislx  described  by  Haines  el  al 
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(10651.  Tin-  only  exception  was  that 
horse  serum  was  not  added  after  centrif¬ 
ugation  and  (hat  the  toxin  was  lyoph- 
ili/cd  after  filtration.  Tile  toxin  was 
then  stored  at  —20  ('.  latch  till*-  of 
toxin  was  reconstituted  xvitlt  sterile 
s.tline  to  the  desired  concentration.  The 
chemical  characteristics  of  the  toxin  are 
descrilted  in  an  accompanying  paper 
< \  ick  et  al.  1*>6S). 

Rhesus  monkeys  l  Mantra  nmlatta) 
weighing  5.0  to  .1.5  kg  were  used  for  this 
experiment.  I’rior  to  the  injection  of 
toxin  each  animal  was  anesthetized  with 
l>entoliarliiial  sodium  (.1(1  mg  per  kg). 
The  toxin  was  injected  directly  into  the 
cerebrospinal  fluid  via  the  cisterna 
i  i.ayna  I alanto-occipital  junction).  After 
stilKlural  placement  of  the  needle  1  nil  of 
cerehrospinal  lluid  was  removed  and  the 
1.5  ml  of  toxin  containing  1 IKH1  rat  units 
w  as  injected. 

\rterial  and  venous  Mood  pressures 
were  monitored  continuously  with  no. 
54  jhiIx ethylene  tubing  connected  to  a 
Slat  ham  strain  gauge  and  recorded  on 
an  C  and  M  Physiograph.  An  arterial 
catheter  a. is  placed  into  the  left  femoral 
arterx ,  while  venous  pressure  was  re¬ 
corded  from  a  cannula  inserted  into  the 
saphenous  vein  and  advanced  into  the 
inferior  vena  cava.  <  anntil.ie  and  tliliin.it 
between  the  lest  animal  and  recording 
device  contained  heparinized  saline  (It) 
units  |«-r  ml).  Heart  rale,  elect ror.irdio- 
grani  (KK(>).  anil  respiration  rate  also 
were  follow etl  with  a  pair  of  needle- 
I ip|H-rl  electrodes  placed  suUutaneouslv 
into  either  side  of  the  chest  wall,  ampli¬ 
fied.  and  recorded  on  the  phv  siograph. 
The  heart  rate  was  recorded  so  that  as 
heart  rate  increased  the  width  of  the 
trace  decreased  I  futures  I,  .1.  4.  and  5) 
at;d  vice  versa.  Cardiac  output  was 
monitored  In  a  sine  wave  St  a  I  ll.im 
Rt  \I  4IM)|  electromagnetic  flow  meter; 
tile  electrical  output  was  contiimoiislv 
recorded  In  a  mtillichaitnel  Sanborn 


550  M  (R)  [>olygra|>h.  The  ascending 
aorta  was  located  by  surgery,  and  a  llow 
prol»e,  7  n>  0  min  in  diameter,  was  posi¬ 
tioned  immediately  a! Hive  the  origin  of 
the  coronary  arteries.  The  probe  leads 
were  exteriorized  through  the  incision. 
Values  were  obtained  I  adore  challenge 
and  diastolic  llow  was  used  for  determin¬ 
ing  zero  flow. 

KKSfLTS 

Physiological  effects  at  the  toxin.  — 
When  1000  rat  units  of  anthrax  toxin 
were  injected  into  the  cerebrospinal 
lluid,  the  monkeys  expired  at  6  to  10 
minutes,  which  contrasts  with  the  ,10 
hours  required  to  kill  when  10,000  rat 
units  were  administered  ill  I  ravenously 
(Ticket  al.  I06S). 

The  pattern  of  death  could  lie  divided 
into  .1  distinct  phases  on  the  basis  of 
clinical  observation  and  monitored  phys¬ 
iological  res|M>ttses  (figure  l).  Phase  1 
was  characterized  clinically  by  tetanic 
paralysis  and  complete  cessation  of  res¬ 
piration.  which  followed  the  injection 
of  toxin  by  a  matter  of  seconds.  Marked 
changes  occurred  phv siologirally  within 
15  to  20  seconds  alter  injection.  The 
tetanic  paralysis  and  severe  muscle  con¬ 
tractions  produced  artif.ictita!  changes 
sii|H*rimposed  on  the  respiratory  trace 
(figure  f  I.  Thus,  the  respiratory  pat- 
lerus  recorded  soon  after  injection  of 
toxin  were  due  to  violent  and  severe 
muscle  contraction  and  were  not  true 
respiratory  movements.  Also,  during 
the  first  15  secondsceiitr.il  venous  pres¬ 
sure  increased  sharply  from  a  control  of 
I  to  2  mm  ol  I  lg  to  a  maximum  of  20  to 
24  linn  ol  llg.  At  the  same  time  arterial 
pressure  rose  front  12b  to  200  mm  ol  llg. 
with  some  decrease  in  pulse  pressure. 
Simultaneously,  the  heart  rate  de¬ 
creased  from  an  average  of  1.10  beats 
|ht  minute.  However,  this  was  quickly 
followed  by  a  return  to  normal.  At  ap¬ 
proximately  ISO  second*  alter  injection 
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changes  in  MKI*  were  oliserved  (al¬ 
though  they  are  not  apparent  in  figure  1 
(•ecatise  of  recording  techniques).  These 
changes  appear  consistent  with  mto- 
cardiul  hypoxia  (prolongation  of  the 
l*-K  interval,  depression  of  the  T  wave, 
and  inversion  of  the  yKS  segment). 

In  the  second  phase  from  180  to  360 
seconds,  intensive  muscle  fasciculation 
developed  that  was  extremely  noticea¬ 
ble  clinically  as  well  as  physiologically. 
This  fasciculation  was  reflected  in  the 
central  venous  and  arterial  blood  pres¬ 
sure  traces  (figure  I ).  The  arterial  blood 
pressure  liegan  to  decrease,  with  some 
slowing  of  the  heart  rate.  The  KK(i  re¬ 
mained  abnormal  as  in  the  first  phase, 
and  some  feeble  attempts  at  respiration 
were  made. 

Phase  3.  the  terminal  phase  from  360 
seconds  to  death,  was  characterized 
clinically  by  a  loss  of  muscle  rigidity  and 
generalized  Haccidity.  Prolonged  and 
progressive  hypotension  was  evident  by 
360  seconds  when  the  diastolic  pressure 
reached  levels  ol  around  25  mm  llg.  The 
pulse  pressure  was  markedly  increased 
and  central  venous  pressure  remained 
above  normal  until  death.  The  In-art 
rate  liecame  irregular  and  progressively 
slower,  terminating  in  complete  ar¬ 
rest.  An  increased  and  inverted  T  wave 
was  evident  from  the  KK(i  tracings 
(figure  IJ  and  again  is  typical  of  mto- 
cardial  hyjtoxia.  Death  at  420  to  600 
seconds  followed  embarrassed  respira¬ 
tion  that  lK.-g.in  within  seconds  after 
injection  and  continued  throughout  all 
3  phases. 

A  surgically  implanted  aortic  (low 
prolic  and  a  monitoring  of  the  right  and 
left  heart  blond  pressures  revealed  the 
following  changes:  la)  Within  15  sec¬ 
onds  ufl.T  injection  of  the  toxin  into  the 
cerebrospinal  fluid,  the  aortic  flow 
drop|H-d  from  7st)  to  JW  ml  (K-r  minute 
and  at  150  seconds  the  llow  was  re¬ 
corded  as  l)  i figure  2).  (bt  The  left  heart 


f'n.l  ki:  2.  1-Tow  rate  in  the  anrla  Mlnwiiig 
rhalleugc  nf  KMNI  nnit«  of  anthrax  toxin. 

pressure  dropjicd  parallel  to  that  of  the 
aorta  le)  The  rigln  heart  pressure 
showed  a  sharp  rise,  as  shown  bt  tin- 
rise  in  central  venous  pressure  (figure  f ). 

Controls.  In  order  to  differentiate 
the  action  of  the  toxin  from  nonspecific 
res|M>nses,  several  controls  were  in¬ 
cluded.  I  •or  volume  ami  diluent  con¬ 
trols  3  monkets  were  given  subdural  in¬ 
jections  of  serile  saline  with  volumes  ol 
1,  3  and  5  ml.  In  addition.  3  ml  of  cere¬ 
brospinal  fluid  were  injected  into  a  4th 
monkey  to  serve  as  a  volume  control, 
l-’or  toxin  controls  inactivated  toxin 
was  prepared  l>\  1  different  means  ami 
injected  imosever.il  monkets:  lal  1000 
rat  units  of  toxin  were  reconstituted 
with  antiserum  (7000  neutralizing  units 
(ter  ml)  in  place  of  tin-  normal  saline 
diluent.  This  antiserum -neutralized 
toxin  did  not  kill  either  rats  or  monkvt  s. 
tbl  Toxin  (1000  rat  units  in  saline)  was 
boiled  in  a  water  lutli  lor  60  minutes,  a 
treatment  that  has  prvviouslt  been 
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shown  (Vick  et  at,  l‘)6X)  to  inactivate 
the  lethal  activity  of  the  toxin  although 
serological  activity  remains. 

No  abnormal  physiological  or  clinical 
responses  were  noted  with  any  of  the 
volume  or  diluent  controls.  I'pon  injec¬ 
tion  of  the  inactivated  toxin  (both  heat 
and  antiserum-inactivated),  the  physio¬ 
logical  and  clinical  parameters  were 
similar  to  those  of  the  regular  toxin  chal¬ 
lenge  for  the  first  2  phases,  except  that 
respiration  continued  very  erratically 
(figure  3).  However,  after  6  to  X  minutes 
respiration  returned  to  normal  and,  al¬ 
though  more  regular,  it  was  somewhat 
slower  and  devjter.  The  heart  rate  and 
KKCi  also  returned  toward  normal  at 
the  same  time,  as  evidenced  by  the  am¬ 
plitude  of  the  heart  rate  recording.  The 
continuation  of  an  inverted  T  wave  in¬ 
dicated  that  myocardial  hypoxia  still 
existed.  I’pon  recovery  from  anesthesia 
the  animals  appeared  clinically  normal 
and  all  4  survived  (2  with  antiserum-in¬ 
activated  toxin  anti  2  with  heat-inacti- 
vated  toxin). 

Treatment 

Artitmal  ventilation.  I-' rum  the  data 
presented  here  anti  from  conclusions 
drawn  from  accompanying  pajters  (N  ick 
et  al,  106X;  Klein  el  al.  I06S)  it  ap|H-aretl 
that,  if  respiration  could  Ik-  maintained 
or  tile  smooth  muscle  contractions  over¬ 
come  tas  exemplified  by  Y.isoronstric- 
tion).  then  the  lethal  effects  of  the  toxin 
could  be  prevented. 

To  test  the  effect  of  maintaining  res¬ 
piration.  animals  were  placed  on  a 
(Mtsitive-presstire  respirator  prior  to  ad¬ 
ministration  of  toxin  via  the  cerebro¬ 
spinal  fluid  and  were  maintained  in  this 
manner  for  1(1  minutes  after  injection. 
Figure  4  shows  a  reproduction  of  trac¬ 
ings  In-fore  .aid  after  challenge  that  are 
typical  of  the  5  animals  tested.  Again, 
within  seconds  alter  toxin  challenge  the 
bliss  I  pressure  increased.  It  is  impor¬ 


tant  to  note,  however,  that  the  increase 
in  arterial  blood  pressure  was  such  that 
the  upper  limits  of  the  recording  gal¬ 
vanometer  are  exceeded.  The  KK(«  be¬ 
came  abnormal  and  the  heart  rale 
slower.  The  tracings  for  respiration 
show  abnormalities  that  result  from  the 
tremendous  muscle  spasms  that  ac¬ 
company  tetanic  paralysis  and  general 
muscle  contraction.  Clinically,  how¬ 
ever,  the  respiration  continued  at  regu¬ 
lar  intervals  because  the  animals  were 
on  the  positive  pressure  respirator.  Note 
that  adequate  ventilation  was  provided 
to  the  animals  at  all  times.  On  the  ex¬ 
panded  tracings  in  figure  4  (1X0  to  102 
seconds)  irregularities  in  heart  rate  and 
l-:KC>  are  apparent.  These  changes  were 
for  the  most  part  due  to  the  A-V  tlisas- 
sociaiion  and  undoubtedly  again  to 
myocardial  hypoxia.  The  blood  pressure 
remained  high  and  did  not  fall  at  around 
1X0  seconds,  as  during  phase-  2  without 
maintenance  of  respiration,  as  previ¬ 
ously  noted  in  figure  1.  At  10  minutes 
the  animals  were  taken  off  the  respira¬ 
tor  anti  were  able  to  maintain  their  own 
respiration,  as  evidenced  by  the  tracings 
in  figure  4  anti  by  visual  observation, 
lilood  pressure  and  heart  rate  had  re¬ 
turned  to  normal.  The  KK<«  still 
showed  some  effects  of  myocardial  liy- 
jxttia  but  was  grealh  improved  over 
that  oltserved  at  1x0  seconds.  All  5 
animals  recovered  w  ithout  any  apparent 
ill  effects. 

Treatment  with  isoproterenol.  The 
second  approach  to  overcome  the  lethal 
effects  of  toxin  was  the  use-  of  a  Itel.t 
adrenergic  stimulant,  lit. -isoproterenol 
hvdrochloridc  (isoprel,  Winthrop  Lab¬ 
oratories,  New  York,  New  York). 
Figure  5  shows  the  tracing  obtained 
from  a  monkey  given  1000  rat  units  of 
toxin  via  the  cerebrospinal  fluid  and 
then  treated  with  isoproterenol.  The 
clinical  and  physiological  effects  were 
similar.  i(  not  identical,  to  those  shown 


Ih.iwi.  -4.  Aftilivul  ri‘>|>ir.ii(iry  m.tinU’u.tiirc  following  «tilHlnr.i)  injiviioii  *A  .mthr.ix  toxin. 
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iii  liyiire  I  until  the  .idinititstr.i tion  of 
isoproterenol.  At  420  seconds,  a  ’hue 
« lii'ii  ilk'  blood  pressure  lud  reached 
m'Vitc  In  (MiU'iisiim.  i.e.,  diastolic  pres¬ 
sure  li»  than  25  mm  of  lly.  isopro¬ 
terenol  was  slowly  administered  in¬ 
travenously  ai  0.25  my  |k.t  ky.  Blood 
pressure  increased  so  that  at  approxi- 
iii. itfl\  540  seconds  it  uas  above  normal 
and  llif  ct-niral  venous  pressure  had  re¬ 
turned  towaid  norm.d.  I  lean  rate  in- 
ereased.  I'lie  re  poitse  of  the  respiratory 
system  uas  dran  atie  in  that  jioriods  of 
lt>  pervelitilaliou  lolloueil  the  inirave* 
nous  infusion  of  isoproterenol.  I'ollou  inn 
periods  of  In  |M-r\ eittilation  |ieriodsof  ir¬ 
regular  respiration  were  noted  ( figure  5). 
The  effect  ol  isoproterenol  in  respiration 
uas  reflected  in  liolh  the  arterial  and 
eeiural  venous  tracings.  These  changes 
are  viewed  as  decree  inereases  in  the 
magnitude  of  irat  e  and  reflect  increased 
intraihoracic  pressure.  However,  l»y  640 
seconds  tile  blood  pressure  slarteil  to 
fall  and  a  second  infusion  of  isopru- 
teretiol  administered  at  the  same  dose 
resulted  in  responses  identical  to  those 
follow  ini;  the  first  injection.  After  14 
minutes  the  monitored  systems  tended 
to  normalize  themselves.  I'lie  respiration 
had  liet  nme  more  regular  as  observed 
clinic  ally .  and  all  5  animals  treated  with 
isoproterenol  sur v i veil. 

Illsl  I  ss|i  IN 

Considering  the  low  dosage  of  toxin 
re'piired  to  kill  in  about  10  minutes  ami 
the  drastic. till  altered  physiology  of  the 
host,  there  is  little  doubt  that  anthrav 
lovin  affects  the  central  nervous  s\  stem. 
The  many  changes  produced  follow  illy 
subdural  administration  of  toxin  max 
be  explained  In  a  tremendous  increase 
in  central  nervous  system  discharges, 
which  result  in  severe  generalized 
muscle  contraction  of  both  smooth  and 
skeletal  must  les,  causing  first  an  itt- 
i  reuse  in  blood  pressure,  thi  n  a  rise  in 


central  venous  pressure  and  then  a  drop 
in  aortic  blood  lion.  The  initial  ab¬ 
normalities  in  KKC>  may  lie  accounted 
tor  tlu*  same  way.  Changes  noted  in 
l'.K<  i  are  typieal  ol  myocardial  lu- 
poxia.  which  lollows  the  dyspnea  noted 
within  15  seconds  after  injection. 

While  it  is  possible  that  the  toxin  inai 
have  influenced  the  central  nervous  sis- 
lent  as  a  second. in  ni.inileslalion  ol  a 
direct  cardiovascular  effect,  evidence 
provided  in  the  present  report  (figures 
I  and  4)  indicates  that  tin-  central 
ll'TVOits  system  was.  ill  tael.  prim. in 
Irom  our  tracings  it  is  evident  that  res¬ 
piration  was  affected  virtually  instan¬ 
taneously  following  injection  of  toxin, 
whereas  changes  in  the  arterial  Minn! 
pressure,  central  venous  pressure,  heart 
rale,  and  KK(»  followed  some  lit  to  4b 
seconds  later. 

The  ultimate  effect  ol  the  toxin  on  the 
central  nervous  system  is  anoxia  This  is 
mused  by  a  lack  of  oxygenation  of  the 
blood  either  by  itself  or  in  cottibiu.it  ion 
with  decreased  blood  flow.  I'lie  terminal 
anoxia  could  arise  from  several  sources 
(a)  through  a  direct  effect  on  the  respira¬ 
tory  center  in  the  central  nervous  si  s- 
It'iu.  causing  respiratori  failure  and  a 
lark  of  oxygenation,  tlo  through  a 
tetanic  paralysis  of  the  inicirosi.il  and 
diaphragmatic  muscles,  arising  Irom  in 
ere.iserl  central  nervous  si  stem  dis 
charges,  again  result  illy  in  respiratori 
paralxsis  and  lark  of  oxy gctiutiun.  .mil 
Ir)  through  a  eardioi.isiul.il  l.iiliui 
mediated  In  the  increased  eeritr.il 
nervous  system  discharges,  produi  ing  a 
yenerulized  smooth  iiiiim  |c  cnti'liii  t;ou. 
The  yenerulized  smooth  muscle  con- 
strict  ion  would  also  cullsc  lack  ol  oxi 
yenution  throuyh  bnmehi.il  i  otisli  irlinn 

llie  results  obi. lined  with  the  m.ic 
I i vail’d  forms  of  the  toxin,  i.e.,  in.n  ti 
vateil  with  antiserum  and  heat,  would 
stiyyest  that  survival  d<’|M'iids  on  respi 
ration  rnnfinuiny  bei  atise  the  i  out- 
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| »•  nii'ii t  allei  ting  tin*  respirator)  renter 
luis  Ihtii  in. irtiv. tied  or  l lit*  eoui|ioneitts 
ill. 1 1  i  .iiim*  l In*  <viilr.il  nervous  sxstem 
•  .tnliov.iM  ul.ir  failure  have  I  teen  altered 
in  -uch  ,t  wax  lit. ii  the  animal  is  able  to 
re-establish  enough  blood  floxx  t<»  prr- 
veni  iiTiiiiii.il  anoxia. 

Survival  lolloxxing  the  iim*  ol  isopro¬ 
terenol  ma\  Ik*  attributed  lo  dilatation 
ol  the  pulmonurx  vaseulaltire,  wltieli 
would  allow  unin'errtipted  llow  of  IiIimmI 
through  the  lungs.  or  to  the  known  ae- 
lion  ol  isoproterenol  «>n  the  myo* 
eardinni,  w hit'll  is  an  inereased  eardiae 
output  illesl  ami  Tax  lor,  l%l ),  lather 
one  or  both  ol  these  effects  t  imid  main¬ 
tain  or  re-estalilish  the  funetion  of  the 
central  nervous  sxstem  or  especially 
the  respiratory  center  by  increased  cir¬ 
culation  and  oxygenation.  The  survival 
olitailied  h>  the  Use  of  a  |>osit ive-pres- 
siire  rr-pirator.  however,  max  Ik-  due  to 
one  or  am  eouiltinalion  of  the  .1  pre- 
vioiislx  mentioned  t  .iiim-s  of  terminal 
anoxia. 

It  i-  a  remole  possj|iilit\  that  the 
draiu.ilic  t  lunges  priMlueed  li\  -uUliiral 
administration  of  the  toxin  are  ea  lists  I 
lit  a  eom|Htneni  of  the  toxin  that  can¬ 
not  cro--  the  bltnMl-br.iin  barrier  ill  the 
inlet  lion  or  alter  int ravenous  challenge. 
However,  we  do  not  leel  this  is  the 
ease.  It  is  more  probable  that  stibiuml 
administration  aeceutiiales  the  central 
liervoils  sxstem  effects. 

I  Arepl  for  c.im*s  in  which  sjiecific  an- 
tiserum  was  atlminislered.  we  lielieve 
rhi-  to  In*  first  demonstration  th.it.  in 
animal-  given  lethal  amounts  of  bac¬ 
terial  toxin,  death  can  In*  prevented  b\ 
sustaining  and  maintaining  the  affected 
primarx  physiological  sxstem.  What¬ 
ever  the  iillimale  cause  of  the  central 
iiervou-  -\  stem-mediated  anoxia,  the 


thera|KTitic  and  sup|H»rlive  treatment  of 
bacterial  diseases  has  iioxx  taken  on  a 
new  and  exciting  as|M*ct. 

si  XIM.XKX 

Administration  of  anthrax  toxin  via 
the  cerebrospinal  fluid  demonstrates 
posit ixely  that  the  toxin  alters  the 
Imdx's  physiology,  primarily  via  the 
central  ncmms  system,  and  kills  by 
terminal  anoxia  mediated  by  the  central 
nerx'otis  system.  The  use  of  a  positive- 
pressure  r<*spirator  and  isoproterenol 
prevented  death  in  animals  that  had  re- 
ceix'ed  lethal  doses  of  toxin.  This  demon¬ 
stration  of  therapy  for  a  lethal  bacterial 
toxin  opens  nexv  avenues  of  investiga¬ 
tion. 
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